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Purpose: Hypocalcemia is the most common complication after total thyroidecto- 
my. The purpose of this study was to determine whether measurement of intact 
parathyroid hormone (i-PTH) level in thyroidectomy patients could predict hypo- 
calcemia. Materials and Methods: We performed a prospective study of patients 
undergoing total thyroidectomy. Serum concentration of i-PTH, total calcium (Ca), 
ionized calcium (Ca 2+ ), phosphate (P), magnesium (Mg), and albumin were mea- 
sured preoperatively and at 0 hour, 6 hours, 12 hours, 24 hours, 48 hours, and 72 
hours postoperatively. Results: 108 patients were recruited to the study. A total of 
50 patients (46%) experienced hypocalcemia. The serum i-PTH concentration was 
linearly related to the time of measurement, while concentrations of P, Mg, albu- 
min, Ca, and Ca 2+ were not. We compared odds ratios, and found that the concen- 
tration of i-PTH at 6 hours post operation was the most closely related to the occur- 
rence of hypocalcemic symptom. On ROC analysis using i-PTH level at 6 hours, an 
i-PTH level of 10.6 mg/dL was found to maximize both sensitivity and specificity 
at the same time point. Conclusion: We found that i-PTH was a predictor of hypo- 
calcemia, and that the earliest predictor of hypocalcemic symptoms was an i-PTH 
concentration lower than 10.6 mg/dL obtained 6 hours after total thyroidectomy. 
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Hypocalcemia is the most common etiology for prolonged hospitalization in pa- 
tients undergoing total thyroidectomy. 1 ' Traditional methods for detecting hypo- 
calcemia in the postoperative period include frequent monitoring of total and ion- 
ized calcium (i-Ca) levels as well as close clinical monitoring for symptoms of 
hypocalcemia. These traditional methods can take 24 hours or longer to reveal hy- 
pocalcemia, which can prolong hospitalization. 12 

After total thyroidectomy, hypocalcemia may develop in cases of unexpected in- 
jury to the parathyroid glands or to the blood vessels that supply these glands. 3 De- 
spite various efforts to safely preserve the parathyroid glands, the reported incidence 



Yonsei Med J http://www.eymj.org volume54 number3 may2013 



637 



Jin Pyeong Kim, et al. 



of hypocalcemia following surgery varies widely (5.4- 
50%).' 3 A need has, therefore, arisen to determine the pre- 
dictive factors of hypocalcemia to prevent its occurrence, 
diagnose it as early as possible, and continuously monitor 
its development. 

Many recent studies on the early predictive factors of hy- 
pocalcemia after total thyroidectomy reported that intact 
parathyroid hormone (i-PTH) levels predict hypocalcemia 
earlier than other factors, 4 9 thus, facilitating earlier dis- 
charge (<24 hours) and improving outcomes after total thy- 
roidectomy. Nevertheless, the most useful test time and test 
standards for i-PTH remain controversial. 

In the current study, we examined serial i-PTH levels and 
other factors associated with calcium metabolism in pa- 
tients who underwent total thyroidectomy, from the time 
immediately after surgery, in order to determine the predic- 
tive factors for symptoms of hypocalcemia, as well as the 
most useful test time and test standards. 



MATERIALS AND METHODS 



The protocol for this prospective clinical study was approved 
by the Institutional Review Board (GNUHIRB-2009-36), 
Gyeongsang National Medical School. A study flowchart is 
presented in Fig. 1. From May 2009 to March 2011, 165 pa- 
tients who visited our outpatient clinic with thyroid papil- 



Assessed for eligibility (165 patients with papillary thyroid carcinoma) 










Excluded (34 patients: history & medication) 



Assessed for eligibility (131 patients with papillary thyroid carcinoma) 










Excluded (6 patients: hemi-thyroidectomy) 



Assessed for eligibility (125 patients with papillary thyroid carcinoma) 










Excluded (10 patients: lateral neck dissection) 



Assessed for eligibility (115 patients with papillary thyroid carcinoma) 










Excluded (7 patients: desire to withdraw) 



1 



Analysis: 108 patients with total thyroidectomy 



Fig. 1. Enrollment in the current study. 



lary carcinoma were enrolled in this study. 

The inclusion criteria were patients older than 20 years of 
age diagnosed with papillary thyroid carcinoma by a preop- 
erative fine needle aspiration test and postoperative patho- 
logical tests, who agreed to enroll in the study and provided 
written informed consent. 

The exclusion criteria included the presence of any of the 
following: history of head and neck malignancy, history of 
radiation therapy in the head and neck area, history of hyper- 
ventilation symptoms, medications affecting thyroid func- 
tion, Graves' disease, hyperthyroidism, hypothyroidism, 
parathyroid diseases, thyroiditis, and other medical prob- 
lems detected by presurgical tests. Of the initial 165 pa- 
tients, 57 did not meet the eligibility criteria and were ex- 
cluded from the study. The final number of patients 
included in the analysis was 108 patients who had under- 
gone a total thyroidectomy by a single surgeon (Fig. 1). 

The 108 patients were divided into two groups: those who 
developed symptoms of hypocalcemia (symptom develop- 
ment group) and those who did not (non-symptom develop- 
ment group). The age and gender of the patients and the in- 
clusion of anterior neck dissection were compared between 
the two groups. 

We measured the levels of factors associated with calci- 
um metabolism (i-PTH, P, Mg, albumin, Ca, and Ca 2+ ) be- 
fore surgery and at 0 hour, 6 hours, 12 hours, 24 hours, 48 
hours, and 72 hours after surgery. The development of post- 
surgical symptoms of hypocalcemia was defined by the 
presence of numbness in hands and feet, muscle stiffness, 
Chvostek's sign, or Trousseau's sign. 

Blood collection time prior to surgery was defined as be- 
fore surgery but after anesthesia; 0 hour after surgery as the 
time of completion of skin suturing; and 6 hours, 12 hours, 
24 hours, 48 hours, and 72 hours after surgery as the time 
that had elapsed since surgery. The i-PTH was analyzed with 
an electrochemiluminescence immunoassay (ECLIA-PTH, 
Modular Analytics El 70, Roche Diagnostics, Mannheim, 
Germany). 

For statistical analysis, SPSS version 15.0 (SPSS Inc., 
Chicago, IL, USA) was used. To assess the differences be- 
tween the symptom development and the non-symptom de- 
velopment groups, we performed the Mann- Whitney test 
and Fisher's exact test. To examine their correlation with the 
development of symptoms, we performed a stepwise meth- 
od of logistic regression analysis on all factors. To assess the 
standard value of useful predictive factors, we used receiver 
operating characteristic (ROC) curves. In all statistical meth- 
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ods,/3<0.05 was considered to be statistically significant. 



RESULTS 



Of a total of 165 patients, 108 patients fulfilled the study in- 
clusion criteria. Fifty patients developed symptoms of post- 
surgical hypocalcemia (symptom development group), and 
58 patients did not (non-symptom development group). Av- 
erage age, and the ratio of male to female patients were not 
statistically different between the two groups. However, the 
surgical methods used were statistically different between 
the two groups (Table 1). 

Serial changes in serum tests over time 

Serum levels of i-PTH, P, Mg, albumin, Ca, and Ca 2+ mea- 
sured pre -operation (pre OP), as well as at 0 hour, 6 hours, 
12 hours, 24 hours, 48 hours and 72 hours after surgery 
were divided according to whether they fell into the hypo- 
calcemic symptom development group or the non-symp- 
tom development group, and the mean values and standard 
deviations were examined (Fig. 2). Unlike the results of the 
other tests, i-PTH showed a change in mean values with 
time, particularly in the symptom development group. The 



mean value of i-PTH in the symptom development group 
decreased rapidly from pre OP to 6 hours after surgery, and 
then slightly increased from 12 hours after surgery (Fig. 2). 

Statistical analysis of the symptom development group 
and the non-symptom development group 

The test results over time were classified into the hypocal- 
cemic symptom development group and the non-symptom 
development group, and the relationship of each blood test 
result to the development of hypocalcemic symptoms was 
examined. 

The relationship between symptoms and calcium levels 
was statistically significant only 48 and 72 hours after sur- 
gery, ionized calcium was significant only 48 hours, magne- 
sium significant only 48 and 72 hours, and phosphate signif- 
icant only 72 hours after surgery. The relations between 
i-PTH and symptoms were statistically significant from 0 
hour to 72 hours after surgery (Table 2). 

Comparison of odds ratios over time 

To examine the correlation of each factor with the develop- 
ment of symptoms, we performed a stepwise logistic re- 
gression analysis. At 6 hours after surgery, the relationships 
between the levels of magnesium and i-PTH and symptom 



Table 1. Comparison of Patients with Normocalcemia and Symptomatic Hypocalcemia after Total Thyroidectomy 





No hypocalcemic Sx (n=58) 


Hypocalcemic Sx (n=50) 


p value 


Age (yrs) 


53.33 (range 24-78) 


50.75 (range 28-73) 


0.633* 


Male : Female 


12:46 


8:42 


0.686 f 


TT : TT & AND 


33 :25 


11 : 39 


0.021 f 



TT, total thyroidectomy; AND, anterior neck dissection; Sx, symptom. 

*Mann-Whitneytest. 

Wisher's exact test. 



No hypocalcemia symptom patients 



Hypocalcemia symptom patients 
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Fig. 2. Comparison by Mann-Whitney test of preoperative and postoperative serum concentrations between patients with and without hypocalcemic symp- 
toms. Ca, calcium; i-Ca, ionized calcium; Mg, magnesium; P, phosphate; alb, albumin; i-PTH, intact parathyroid hormone; Pre, preoperative; Post, postopera- 
tive; No, patients with no hypocalcemic symptoms; Hypo, Patients with hypocalcemic symptoms; OP, operation; h, hour. 
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Table 2. Comparison of Preoperative and Postoperative Laboratory Data p-Values in 108 Patients by Mann-Whitney Test 



Ca 


i-Ca 


Mcr 
IVlg 


p 


alh i-PTH 


p value 


p value 


p value 


p value 


p value p value 


Pre OP 0.218 


0.779 


0.518 


0.960 


1.000 0.514 


Post 0 hr 0.783 


0.406 


0.592 


0.263 


0.940 0.001* 


Post 6 hrs 0.256 


0.228 


0.789 


0.857 


0.986 <0.001* 


Post 12 hrs 0.638 


0.490 


0.245 


0.161 


0.384 <0.001* 


Post 24 hrs 0.257 


0.706 


0.099 


0.551 


0.706 <0.001* 


Post 48 hrs 0.001* 


0.003* 


0.025* 


0.208 


0.853 0.047* 


Post 72 hrs 0.023* 


0.235 


0.025* 


<0.001* 


0.307 O.OOl* 


Ca, calcium; i-Ca, ionized calcium; Mg, magnesium; P phosphate; alb, albumin; i-PTH, intact parathyroid hormone; Pre, preoperative; Post, postoperative; 

OP, operation; h, hour. 

*p<0.05. 


Table 3. Forward Selection Method of i-PTH, P, Mg, Ca, i-Ca, and Albumin by Logistic Regression Analysis (Stepwise Method) 




p value 




Odds ratio 


95% CI 


Post 6 hrs Mg 


0.003* 




0.069 


0.012-0.392 


Post 6 hrs i-PTH 


0.008* 




1.572 


1.128-2.191 


Post 12 hrs alb 


0.002* 




0.467 


0.291-0.749 


Post 12 hrs i-PTH 


0.003* 




1.273 


1.087-1.490 


Post 24 hrs Mg 


0.001* 




0.109 


0.028-0.428 


Post 24 hrs i-PTH 


0.003* 




1.421 


1.128-1.790 


Post 72 hrs P 


0.012* 




0.378 


0.177-0.808 


Post 72 hrs i-PTH 


0.008* 




1.464 


1.104-1.940 


Ca, calcium; i-Ca, ionized calcium; Mg, magnesium; P, phosphate; alb, albumin; i-PTH, intact parathyroid hormone; Post, postoperative; h, hour; CI, confi- 



dence interval. 
*/k0.05. 

development were statistically significant, as were the rela- 
tionships of albumin and i-PTH at 12 hours after surgery, 
magnesium and i-PTH at 24 hours after surgery, and phos- 
phate and parathyroid hormone at 72 hours after surgery 
(Table 3). 

However, the levels of various factors did not show con- 
tinuous significance in predicting symptoms of hypocalce- 
mia except the levels of i-PTH measured after surgery. 
With an exception of measurements prior to surgery and at 
0 hour after surgery, i-PTH levels predicted hypocalcemia 
with statistical significance at all times. Parathyroid hor- 
mone was found to be the only factor that could predict hy- 
pothyroid symptoms after surgery. The level of i-PTH 6 
hours after surgery was 1.572 (95% confidence interval 
1.128-2.191), thus confirming that i-PTH level 6 hours after 
surgery is valuable as a predictive factor in the develop- 
ment of clinical hypocalcemic symptoms. 

Cutoff value of i-PTH 

To assess the standard value of i-PTH, we divided the mea- 
surements into four groups by using ROC curves, and com- 
pared their sensitivity and specificity in predicting symp- 
toms of hypocalcemia. When the level of i-PTH was lower 



than 4.2 mg/dL, the sensitivity in predicting hypocalcemic 
symptoms was 3 1%, the specificity was 100%, and the posi- 
tive predictive value (PPV) was 100%. When i-PTH was 
lower than 7. 1 mg/dL, the sensitivity was 79%, the specifici- 
ty was 78%, and the PPV was 88%. When measured i-PTH 
was lower than 10.6 mg/dL, the sensitivity was 89%, the 
specificity was 88%, and the PPV was 85%. Finally, when 
the concentration of i-PTH was lower than 13.6 mg/dL, the 
sensitivity was 95%, the specificity was 75%, and the PPV 
was 81% (Table 4). Therefore, considering the sensitivity, 
specificity, and positive predictive value, an i-PTH concen- 
tration of 10.6 mg/dL was found to be the most useful pre- 
dictor of symptoms (Fig. 3). 



DISCUSSION 



After thyroid surgery, hypocalcemia is induced by direct in- 
jury of the parathyroid glands, adjacent blood vessels, or 
other adjacent structures, 1 " 13 and a broad range in the inci- 
dence of such cases of hypocalcemia has been reported 
(5.4-50%).' 3 Hypocalcemia not only inconveniences the 
patient, but may also lead to fatalities.' 3 
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Table 4. Sensitivity, Specificity, and Positive Predictive Value Associated with Various 6-Hour i-PTH Cut-Off Values 





Sensitivity 


Specificity 


PPV 


PTH<4.2 


31% 


100% 


100 


PTH<7.1 


79% 


78% 


88 


PTH<10.6 


89% 


88% 


85 


PTH<13.6 


95% 


75% 


81 



PPV, positive predictive value; i-PTH, intact parathyroid hormone. 

Numerous studies have been conducted on the factors in- 
volved in the early prediction of hypocalcemia following 
thyroidectomy, most of which measured postsurgical i-PTH 
and calcium levels. 510 While calcium levels have been 
shown to have limited applicability as predictive factors, i- 
PTH levels have been reported to be useful in the predic- 
tion of postoperative hypocalcemia. Nonetheless, times at 
which concentrations were measured and reported values 
differ among investigators, therefore, the application of a 
test of i-PTH levels in predicting the development of clini- 
cal symptoms has remained controversial. 

To determine the factors that may be useful in predicting 
the development of hypocalcemia, we measured the serum 
levels of i-PTH, P, Mg, albumin, Ca, and Ca 2+ at 0, 6, 12, 
and 24 hours after thyroid surgery, as well as once daily for 
several days (48 hours and 72 hours following surgery), 
and comprehensively analyzed the changes in each test val- 
ue. The first postsurgical blood collection time after 0 hour 
was decided to be 6 hours after thyroidectomy, because the 
process of patient waking from anesthesia, being transferred 
to a ward, and resting requires 6 hours. Furthermore, a cer- 
tain amount of time is necessary for several components 
within the body fluid to stabilize. In fact, in the hypocalce- 
mic symptom development group, the parathyroid hormone 
level at 6 hours after surgery showed the lowest mean value 
in comparison with the mean values measured at all other 
times (Fig. 2). The half-life of i-PTH in vivo is 3 to 4 min- 
utes, therefore, at the time of blood collection, the condition 
of the parathyroid glands should be immediately reflected 
in the level of i-PTH; nonetheless, the test performed im- 
mediately after surgery showed higher values than the test 
performed 6 hours postoperatively. We speculate that the 
parathyroid function did not stabilize for a certain period af- 
ter surgery, and that the inefficient blood circulation that de- 
veloped during surgery continued to deteriorate up until a 
certain point, but improved thereafter. 14 

By applying the Mann- Whitney test, which considers the 
test results of the defined times as a single variable, we ex- 
amined the association of each blood test result with the de- 
velopment of hypocalcemic symptoms, and observed that 



1.0 



0.8 



0.6 



0.4- 



0.2 



0.0 




0.4 0.6 
1 -specificity 



1.0 



Fig. 3. Receiver operating characteristic (ROC) analysis for the prediction 
of hypocalcemic symptoms, based on 6-hour post-thyroidectomy i-PTH 
values. For 6-hour i-PTH <1 0.6 mg/dL, specificity is 88% and sensitivity is 
89%. Area under an ROC curve=0.931. i-PTH, intact parathyroid hormone. 

the relationship between symptoms of hypocalcemia and i- 
PTH concentrations measured at all time points was statisti- 
cally significant (Table 2). However, in examining the rela- 
tionship between the test results and hypocalcemic symptoms 
by logistic regression analysis, which considers all factors 
as continuous variables, we found that the relationship be- 
tween hypocalcemic symptoms and parathyroid hormone 
was not statistically significant at 0 hour after surgery, how- 
ever, it was statistically significant at 6 hours, 12 hours, and 
72 hours after surgery. When odds ratio values were as- 
sessed using a stepwise method, i-PTH level at 6 hours af- 
ter surgery showed the highest correlation with the devel- 
opment of symptoms of hypocalcemia (Table 3). 

In the present study, we confirmed the i-PTH level as a 
predictor of hypocalcemia in thyroidectomy patients. The 
results of logistic regression analysis also showed that the 
levels of magnesium at 6 hours, albumin at 12 hours, mag- 
nesium at 24 hours, and phosphate at 72 hours after surgery 
were statistically significant predictors of the development 
of hypocalcemic symptoms. These results were not tempo- 
rally continuous, however, and are thus considered not sig- 
nificant (Table 3). 
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An i-PTH is metabolized in the liver and kidney, and has a 
half-life as short as 3 minutes, therefore, it can be measured 
very shortly after total thyroidectomy; hence, it can accurate- 
ly determine parathyroid function. On the other hand, other 
factors (P, Mg, albumin, Ca, and Ca 2+ ) affect the deterioration 
of parathyroid function after surgery, and thus the changes 
appear to be delayed or homeostasis is maintained; hence, 
changes in function are not always shown early on. 8 To deter- 
mine the standard for early diagnosis of the development of 
hypocalcemic symptoms, we determined the cutoff values 
for parathyroid hormone values (6 hours after surgery) by us- 
ing ROC analysis. When the parathyroid hormone level was 
lower than 10.6 mg/dL, the sensitivity for the development of 
hypocalcemic symptoms was 89%, the specificity was 88%, 
and the positive predictive value was 85%, and high values 
occurred; thus, this level maximizes both sensitivity and 
specificity at the same time point (Fig. 3). 

If the development of hypocalcemic symptoms can be 
predicted by prognostic factors, these symptoms could be 
prevented by advance administration of calcium agents. Pa- 
tients whose level of risk for the development of hypocal- 
cemic symptoms is low could be discharged early, thereby 
reducing the inconvenience of hospitalization and its asso- 
ciated costs. 5 - 91517 If it is thought that the development of hy- 
pocalcemia symptoms is a possibility in patients who are 
discharged early, these symptoms might easily be resolved 
by prescribing emergency calcium agents at the time of dis- 
charge, thoroughly explaining the symptoms associated with 
hypocalcemia, and advising patients to take prescribed calci- 
um agents and return to the hospital when unexpected 
symptoms occur. 

This study is not without limitation. More accurate mea- 
surement timings could have been found if i-PTH had been 
measured every hour. In reality, however, it is hard to obtain 
a sample from a patient every hour. Another shortcoming of 
this study is that it would have been better if hypocalcemia 
patients had been divided into those with symptomatic hy- 
pocalcemia and biochemical hypocalcemia. 

In conclusion, on the basis of statistically significant re- 
sults obtained in this study, we confirmed that the earliest 
possible predictor of the development of symptoms of hy- 
pocalcemia was a serum i-PTH concentration of less than 
10.6 mg/dL 6 hours after surgery. We propose that these pa- 
tients need further inpatient monitoring for safe discharge. 
Furthermore, patients with less than 10.6 mg/dL decrease 
of PTH at 6-hour time point are unlikely to develop hypo- 
calcemia and may be considered safe for discharge. 
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